The aim of the present study was to screen differentially expressed miRNAs in vulvar squamous cell carcinoma (VSCC), observe the role of microRNA-4712-5p in VSCC and investigate its targets and regulatory mechanism. Differentially expressed miRNAs in human VSCC tissues were screened. microRNA-4712-5p was selected and its expression level was verified in clinical tissue samples and the VSCC cell line A431 by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. The overexpression vector of microRNA-4712-5p was prepared and transfected into A431 cells; subsequently, cell invasion and metastasis were examined by Cell Counting Kit-8 and Transwell migration assays. Furthermore, the target gene of miRNA-4712-5p was predicted by bioinformatics and verified by The Dual-Luciferase ® Reporter (DLR™) Assay System. The expression of phosphatase and tensin homologue (PTEN) and its downstream proteins, such as protein kinase B (PKB; AKT), glycogen synthase kinase (GSK)3β and cyclin D1, were detected by western blot assays. The expression level of microRNA-4712-5p in VSCC tissues and the A431 cell line was found to be significantly increased, promoting proliferation and invasion of VSCC. The DLR™ assay indicated that PTEN was a target of miR-4712-5p. RT-qPCR revealed that PTEN expression was markedly lower in VSCC tissues compared with that in adjacent tissues. After A431 cells were transfected with the miRNA-4712-5p overexpression vector, phospho-AKT (p-AKT) and cyclin D1 expression were notably increased, but miRNA-4712-5p-targeted PTEN and phospho-GSK3β (p-GSK3β) protein markedly decreased. Therefore, microRNA-4712-5p can reduce the expression of PTEN, further affecting its downstream p-AKT, p-GSK3β and cyclin D1 signaling pathways, promoting the proliferation and invasion of VSCC.
Introduction
Vulvar cancer is a malignant tumor that poses a threat to women's health (1) . The most common subtype is vulvar squamous cell carcinoma (VSCC), accounting for 80-90% of all vulvar malignant tumors. VSCC is very common among women aged >60 years (2) . In recent years, its incidence has increased. The cause for vulvar cancer development has not been fully elucidated. Human papillomavirus has been reported to be associated with a subset of vulvar cancers (3) . It has been demonstrated that surgically treated vulvar intraepithelial neoplasia (VIN) has a high rate of recurrence (3.8%) and untreated VIN in women aged >30 years has an appreciable invasive potential (4) . Non-neoplastic lesions in the vulvar epithelium include squamous epithelial hyperplasia and lichen sclerosus (5) . At present, epidemiological studies have reported that the malignant rate is 1-5% (6) . It is not clear in molecular biology whether there is a malignant tendency in vulvar intraepithelial tumor-like lesions and vulvar intraepithelial non-tumor-like lesions. Further investigating the mechanism of tumorigenesis and progression of VSCC may uncover novel targets and help design novel therapeutic methods for VSCC treatment.
An increasing number of studies have proven that microRNAs play important roles in carcinogenesis (7) (8) (9) . MicroRNAs are regulatory RNAs, 18-23 nucleotides in size (10) . Although they have a low molecular weight, they play key roles at the transcriptional level of human cells, regulating several important biological functions, such as tumor cell proliferation, invasion and migration (11) . A number of studies have demonstrated that microRNAs are abnormally expressed in different tumors, and they act as tumor suppressors or tumor-promoting factors (12, 13) . Yang and Guo reported that miR-3147 can participate in the epithelial-to-mesenchymal transition of VSCC cells by inhibiting Smad4 (14) . Mir-30c and let-7a were found to be reciprocally correlated with the expression of HMGA2 (15) , which promotes diverse tumorigenic processes in VSCC (16) . The upregulation of miR-590-5p was found to promote cellular malignant behavior in VSCC via the target gene TGFβRII (17) . However, to the best of our knowledge, the role of miR-4712-5p in VSCC has not been reported to date.
The aim of the present study was to determine whether miR-4712-5p is dysregulated in VSCC, and whether it plays a role in the occurrence and development of VSCC, as well as to investigate the underlying mechanism.
Materials and methods
Tissue collection. Three pairs of freshly frozen VSCC samples and adjacent non-cancerous tissues were used for microarray assay (Table I) . A total of 30 freshly frozen VSCC samples and adjacent non-cancerous tissues were examined to confirm miRNA expression and validate the targeting. All the tissues were obtained from the Department of Gynecology at the First Affiliated Hospital of China Medical University between January 2011 and January 2018. All the lesions were staged using the new vulvar cancer classification system (18) . The frozen specimens were examined pathologically. Clinical records were retrospectively reviewed. Patients who had not undergone chemotherapy or radiation treatment prior to surgery were enrolled. The protocol of the present study was approved by the Ethics Committee of the First Affiliated Hospital of China Medical University and informed consent was also obtained from the patients.
Cell culture. Human VSCC A431 cells and the human normal vaginal epithelial cell line HNVEC/HL-016 (VECs) were purchased from Shanghai Cell Bank. Cells were cultured with DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum in a 5% CO 2 incubator at 37˚C and saturated humidity.
Vector construction and cell transfection. The vector with miR-4712-5p overexpression and corresponding negative control (NC) were synthesized at GenePharma. The protocol of cell transfection was as follows: A431 cells were seeded at a density of 1x10 5 cells/well in 6-well culture plates. As the cells were in a good condition and the confluence was >70%, transfection was performed. After removal of the culture medium, the cells were washed with PBS, followed by addition of 1 ml medium to each well. siRNA and Lipofectamine 2000 (siRNA final concentration, 50 nM; Lipofectamine 2000, 1:50) was dissolved with Opti-MEM. The diluted siRNA and Lipofectamine 2000 were mixed and allowed to form a complex for 20 min. The complex was added to the cell culture plate (200 µl per well) and incubated in a 5% CO 2 incubator at 37˚C overnight. The medium was replaced every 4-6 h. After 48 h, the transfection efficiency was determined by polymerase chain reaction (PCR) analysis. miR-4712-5p mimics and inhibitor sequences were cloned into the green fluorescent lentivirus (GeneChem), which was designed upon request. A431 cells were transfected with lentivirus and screened with puromycin to increase transfection efficiency. The transfection efficiency was examined using PCR.
Reverse transcription-quantitative (RT-q)PCR analysis.
VSCC tissues and A431 cells were treated with TRIzol to extract RNA using the SYBR Prime Script miRNA RT-PCR Kit (TAKARA) reaction system as follows: SYBR Premix Ex Taq II (2X), 10 µl; PCR forward primer (10 µM), 0.8 µl; Uni-miR qPCR primer (10 µM), 0.8 µl; ROX Reference Dye II (50X), 0.4 µl; cDNA template, 2 µl; ddH 2 O, 6 µl. In the fluorescence qPCR device, the reaction conditions were as follows: Pre-denaturation at 95˚C for 1 min, denaturation at 95˚C for 15 sec, annealing at 60˚C for 40 sec, and extension at 72˚C for 15 sec for a total of 40 cycles. The melting curve was analyzed. The expression of miRNA-124-3p was calculated by the 2 -ΔΔCq method (19) , and U6 snRNA was used as a relative quantitative internal reference. We defined its negative value as relative low expression of miR-4712-5p and its positive value as relative high expression of miR-4712-5p (VSCC compared with adjacent normal tissues). The primers used for qPCR are listed in Table II .
Transwell migration assay. An artificial basement membrane was formed by Matrigel. The cells were collected, washed once with PBS, and diluted to 1x10 5 /ml with complete medium. A total of 0.5 ml of the cell mixture was added to the upper chamber, and 0.75 ml of DMEM supplemented with 10% fetal bovine serum was added to the lower chamber. After incubation at 37˚C for 48 h, all samples were stained with hematoxylin and eosin. At an original magnification of x100 under a light microscope, three fields were randomly selected. The number of cells which traversed the artificial basement membrane was counted, and the mean value was calculated.
Cell Counting Kit-8 (CCK-8) assay. A431 cells in the logarithmic growth phase were collected, and prepared into a single-cell suspension with cell culture medium. Cells were seeded in 96-well culture plates (100 µl/well) under sterile conditions (3xl0 3 -5xl0 3 /well). After 24 h of incubation, the medium was replaced. After treatment with siRNA and blank control, the cells were further cultured for 48 h. CCK-8 solution (10 µl) was added to each well and further incubated for 2-4 h. Absorbance values were measured at 450 nm with a microplate reader (MR-96A, Mindray).
Animal tumor transplantation experiment. A total of 16 nude mice, aged 4 weeks, were purchased from China Medical University. All animals were maintained in individual cages under controlled ambient temperature (24±2˚C) and 40-70% humidity, with a 12-h light/dark cycle. Standard pelleted chow and drinking water were available ad libitum. The mice were allowed to acclimatize for at least 1 week before the experiments. The health and behavior of mice were observed daily by animal husbandry staff at our facility. To reduce animal suffering and distress, animal tools and nesting material were provided to the mice. A431 and A431/miR-4712-5p cells (0.1 ml; 5x10 6 /ml) were subcutaneously injected into the right axilla (8 mice per group). The mice were examined every 3 days to observe and record the growth of the tumor. After tumor development, the weight of the mice was recorded and the length and width of the tumor were measured to calculate the tumor volume. Two weeks later, all animals were sacrificed by cervical dislocation, and the tumors were resected and weighed. The experiment was approved by the Department of Laboratory Animal of China Medical University and the Animal Experimental Protection Agency.
Dual luciferase reporter gene analysis. The PTEN 3'-untranslated region (UTR) sequence was cloned into the pMIR-REPORTTM vector (Ambion). 293T cells were grown in 24-well plates until the density reached 50% and co-transfected with 200 ng wild-type or mutant firefly luciferase reporter plasmid and 10 ng pMIR-REPORTTM control plasmid, 100 nM miR-4712-5p or NC miRNA. After 48 h of culture, the cells were harvested and examined with the luciferase activity system (Promega Corporation).
Immunohistochemistry. The tumors from patients and nude mice were sectioned for pathological examination. Antigen was retrieved with citric acid at 120˚C and 100 kPa. The sections were washed with PBS, incubated with H 2 O 2 for 30 min, blocked with 5% bovine serum albumin for 30 min, then 10% goat serum for 30 min. Primary anti-PTEN antibody (rabbit monoclonal, 1:800 dilution, ab32199, Abcam) was added and incubated at 4˚C overnight. After washing with PBS, secondary antibody was added and incubated at 37˚C for 40 min, followed again by washing with PBS. Horseradish peroxidase-labeled streptavidin/avidin was added and incubated at 37˚C for 40 min. After washing with PBS, the sections were developed with 3,3'-diaminobenzidine.
Western blot assay. Tissues of patients and cells collected after transfection were lysed in RIPA lysate containing protease inhibitor. Following centrifugation at 12,000 x g at 4˚C for 20 min, the supernatant was collected. The protein concentration was determined using the bicinchoninic acid assay. The proteins were separated by 10% SDS-PAGE and transferred onto a polyvinylidene fluoride membrane. The membrane was blocked with skimmed milk, and incubated with antibodies Statistical analysis. All results were analyzed using SPSS 19.0 (SPSS, Inc.). Measurement data are expressed as the mean ± standard error of the mean. The difference between groups was compared using t-test. The difference among multiple groups was compared using one-way analysis of variance) with Tukey's multiple comparison post hoc test. A value of P<0.05 was considered to indicate statistically significant differences.
Results
MicroRNA expression profile of VSCC. We determined the miRNA expression profile of VSCC. We selected the miRNAs which were overexpressed or underexpressed by >2-fold in bioinformatics analysis and identified 90 upregulated and 67 downregulated miRNAs in the cancer samples ( Fig. 1) . MicroRNA-4712-5p is upregulated in VSCC tissues and cells. RT-qPCR was conducted to determine the expression levels of miR-4712-5p in 56 pairs of VSCC and adjacent normal tissues. The results revealed that the expression level of miR-4712-5p was significantly upregulated in VSCC tissues (P<0.05; Fig. 2A ). RT-qPCR was further used to detect the expression levels of miR-4712-5p in VSCC cells and VECs. The results demonstrated that the expression of miR-4712-5p in VSCC cells was significantly higher compared with that in VECs (P<0.05; Fig. 2B ).
MicroRNA-4712-5p promotes the proliferation and invasion of VSCC. To further study the role of miR-4712-5p in VSCC, A431 cells were separately transfected with miR-4712-5p mimics and NC, and the transfection efficacy was verified by RT-qPCR (Fig. 2C) . The CCK-8 assay was used to detect the effect of miR-4712-5p on the proliferation of VSCC cells. On the fifth day, the proliferation rate of cells transfected with miR-4712-5p was significantly increased compared with day 3 of culture (P<0.05; Fig. 2D ). The Transwell assay demonstrated that the invasiveness of cells transfected with miR-4712-5p mimics was significantly higher compared with that in the negative control group (P<0.05; Fig. 2E ). These results suggested that miR-4712-5p can affect cell proliferation and invasion.
PTEN is downregulated in VSCC tissues and cells.
To examine the association between miR-4712-5p and PTEN, we first analyzed the mRNA expression levels of PTEN in 56 paired human VSCC samples and adjacent normal tissues by RT-qPCR. The results demonstrated that the mRNA expression level of PTEN in VSCC tissues was significantly downregulated compared with that in normal tissues (P<0.05; Fig. 3A ). PTEN mRNA expression levels in VSCC cells and VECs were determined by RT-qPCR. The results demonstrated that the expression of PTEN in VSCC cells was significantly lower compared with that in VECs (P<0.05; Fig. 3B ). We next examined PTEN expression in VSCC tissues and adjacent normal tissues in 8 clinicopathological samples by western blot assay. The results revealed that the expression level of PTEN in VSCC tissues was significantly lower compared with that in adjacent normal tissues (P<0.05; Fig. 3C ). Immunohistochemical examination yielded the same results (Fig. 3D ).
PTEN is a direct target of microRNA-4712-5p. To investigate the potential mechanism of miR-4712-5p affecting the proliferation of VSCC cells, we used the public databases microRNA (http://www.microrna.org/microrna/getdownloads.do), miRDB (http://mirdb.org) and TargetScan (http://www.targetscan. org/vert_71/) for bioinformatics analysis (Fig. 4A) . The results revealed that PTEN has a conserved sequence that may bind to miR-4712-5p. It was hypothesized that miR-4712-5p promotes tumor growth by downregulating the expression of PTEN. The expression of PTEN protein following miR-4712-5p expression alterations was determined by western blot assay. The results demonstrated that the overexpression of miR-4712-5p significantly downregulated the expression of PTEN (P<0.05; Fig. 4B ). The luciferase reporter gene assay revealed that the luciferase activity of A431 cells co-transfected with miR-4712-5p mimics and pGL3-PTEN vector was significantly lower compared with that of cells transfected with NC (P<0.05). The luciferase activity of the same cells co-transfected with miR-4712-5p mimics and pGL3-PTEN-mut vector did not differ significantly from that of cells transfected with NC (P>0.05; Fig. 4C ). These results indicate that the PTEN gene may be one of the direct targets of miR-4712-5p. The expression of PTEN in the A431 cells transfected with miR-4712-5p was compared with the blank control group. The A431 cells transfected with miR-4712-5p exhibited significantly decreased expression of PTEN (P<0.05) (Fig. 4D) , as shown by western blot assay. This result suggests that there is a significant correlation between the high expression of miR-4712-5p and the low expression of the PTEN protein.
The results of the immunohistochemical examination further proved these findings (Fig. 4E) . These results indicate that PTEN may be a target of miRNA-4712-5p.
MicroRNA-4712-5p promotes tumor growth in mouse xenograft models. The role of miRNA-4712-5p expression in a nude mouse model was further investigated. The results demonstrated that the tumor volume of the transfected miRNA-4712-5p cells was significantly larger compared with that of the blank control group (P<0.05) (Fig. 5A) . We prepared and observed the tissue sections of xenograft tumors. The immunohistochemical results demonstrated that transfection of miRNA-4712-5p significantly downregulated the expression of PTEN in xenograft tumors (Fig. 5B) .
MicroRNA-4712-5p regulates cyclin D1 expression via PTEN.
To further investigate the mechanism of miR-4712-5p affecting VSCC cell proliferation in vitro and in vivo by targeting PTEN, the expression of p-AKT, cyclin D1, p-GSK3β, CDK4 and CDK6 in VSCC cells was detected by western blot assay. The results demonstrated that the protein expression of p-AKT, cyclin D1, CDK4 and CDK6 in miRNA-4712-5p cells was significantly increased, and the expression of the p-GSK3β protein was significantly decreased (P<0.05) ( Fig. 6A-F) . These results indicate that miRNA-4712-5p affects the proliferation of VSCC cells and this effect may be mediated by the PTEN/AKT/p-GSK3β/cyclin D1 signaling pathway.
Discussion
Vulvar cancer belongs to the group of gynecological malignant tumors (18) . Vulvar intraepithelial neoplasia is a type of atypical hyperplasia of the vulva (19) . Studies on VSCC are relatively rare, even more so in China; however, its incidence has been increasing in recent years, and it is becoming a major gynecological concern.
miRNAs are small non-coding RNAs that regulate post-transcriptional gene expression by interfering with the translation of one or more target mRNAs (20) . Despite their low molecular weight, they play a key role in regulating a number of important human biological functions at the transcriptional level, such as tumor cell proliferation, invasion, and metastasis (21) (22) (23) . Deregulation of miRNAs is a major factor in almost all types of cancer (24) . miRNAs are also important regulators of hematopoietic function, through controlling the gene expression of several transcription factors necessary for the formation, differentiation and apoptosis of hematopoietic stem cells, so specific miRNAs may represent a potential therapeutic target for acute lymphoblastic leukemia (25) . In the present study, qPCR was used to detect differences in RNA levels between VSCC and adjacent normal tissues. The expression of miR-4712-5p was found to be obviously higher in cancer tissues compared with that in adjacent normal tissues. Histological differences suggest that the presence of relevant microRNAs may exert some effect on the biological properties of the tumor. To the best of our knowledge, the mechanism of action of miR-4712-5p in VSCC has not yet been reported. Therefore, based on the histological differences, we propose that miR-4712-5p may act as a carcinogenic factor and promote VSCC growth and invasion.
PTEN is a potent tumor suppressor and loss of its function is often observed in hereditary and sporadic cancers (26) . PTEN has phosphatase-dependent and phosphatase-independent activities in cells and controls a variety of biological processes, including maintenance of genomic stability, cell survival, migration, proliferation and metabolism (27) (28) (29) (30) (31) . Even a subtle reduction in PTEN levels and activity may increase cancer susceptibility and contribute to tumor progression (32) . Therefore, PTEN has become a hotspot of cancer research. Liu et al have demonstrated that miR-19b plays a carcinogenic role in the progression of ovarian cancer and promotes metastasis and invasion of ovarian cancer cells by inhibiting the PTEN/AKT signaling pathway (33) . Chen et al found that the expression of miR-1297 is low in human cervical cancer tissues, and the overexpression of miR-1297 may activate PTEN, increasing proliferation and decreasing apoptosis of HeLa cells (34) . Cyclin D1 is an important member of the cyclin family (35) . In normal proliferating cells, the level of cyclin D1 is extremely low, whereas its overexpression leads to uncontrolled cell proliferation, and eventually tumor formation; thus, it is often defined as an oncoprotein (36) . When cyclin D1 is overexpressed, it often combines with CDK4 and CDK6 to form a complex under the stimulation of some external factors, resulting in cell cycle abnormalities and tumorigenesis (37) . Cyclin D1 protein is highly expressed in several malignant tumors and participates in their occurrence and development (38, 39) . Worsley et al considered that the positive expression rate of cyclin D1 in ovarian borderline tumors and well-differentiated malignant tumors was >70%, and the positive expression in poorly differentiated tumors was ~15%, while negative expression was found in normal ovarian and benign tumor tissues (40) . Cyclin D1 expression abnormalities are considered an early event in ovarian cancer and are associated with tumor proliferative activity. These findings indicate that, when cyclin D1 is overexpressed, it may enhance the proliferative ability of the tumor.
The present study demonstrated that miR-4712-5p targeted the PTEN protein, and A431 cells transfected with miR-4712-5p exhibited markedly reduced expression and inhibition of PTEN, with increased proliferative and invasive abilities of the tumor. The luciferase activity assay was used to confirm the direct correlation between miR-4712-5p and PTEN. As described above, the 3'-UTR of miR-4712-5p directly binds to the PTEN protein, suggesting that miR-4712-5p acts as a carcinogen in VSCC through the PTEN signaling pathway axis. The PTEN/AKT protein signaling pathway has been shown to affect the proliferative capacity of cancer cells through periodic pathways in other cancers. Our experiments also confirmed that miR-4712-5p targeted the PTEN protein, thereby affecting the proliferation of VSCC cells, and this action was dependent on the PTEN/Akt/p-GSK3β/cyclin D1 signaling pathway. Following transfection with miR-4712-5p, the expression of PTEN and p-GSK3β was markedly downregulated, while that of p-Akt and cyclin D1 was upregulated. These results validate our previous hypothesis that miR-4712-5p targets PTEN and promotes the proliferation of VSCC cells through a periodic pathway. The present study may help achieve a better understanding of the molecular mechanisms underlying the development and progression of VSCC and identify a new therapeutic target for vulvar cancer.
In conclusion, microRNA-4712-5p reduces the expression of PTEN, thereby affecting the downstream p-AKT, p-GSK3β and cyclin D1 signaling pathways and promoting the proliferation and invasion of VSCC.
